FOREWORD
In this lecture some new routes to phosphorus-carbon com pounds with P-C multipl vestigations on reactions of tertiary phosphanes with chlorinated carbon compounds, such as tetrachloromethane, hexachloroethane, phosgene, and isocyanide dichlorides are reported. Furthermore some stereochemical problems concerning this type of compound will be discussed.
Action of tetrachloromethane on trimethylsilyl-substituted methyl-diphenylphosphanes causes quantitative chloroform elimina tion with formation of trimethylsilylated (TMS) methylenechloro -diphenylphosphoranes. Heating the bistrimethylsilyl substituted compound causes spontaneous gas evolution of TmsCl at 120°C. The product is identified by elemental analysis, molecular mass de termination, and the characteristic 31p nmr shift. It is a greenish-yellow liquid which can be distilled in vacuo without decomposition. The general applicability of this synthesis, based upon migration of an organyl substituent from phosphorus to the ylid-carbon is restricted so far to P-aryl substituted com pounds.
Another route to a number of theoretically interesting com pounds of two-coordinate phosphorus is the reaction of P-trimethylsilyl-substituted phosphanes with phosgene. The reaction pro ceeds via several isolable intermediates. The first is the phosphino-substituted methylene-phosphane, which is generated by silyl-group migration from phosphorus to oxygen. Treatment with further phosgene then causes further elimination of CO and chlorotrimethylsilane, yielding a compound with a P-P bond which Thus far the bicyclohexane skeleton can only be obtained in the reaction of COCI2 with phenyl-bis(trimethylsilyl)phosphane.
Initially t-butyl-bis(trimethylsilyl)phosphane indeed reacts analogously to give the phosphino-substituted methylenephosphane, which can be isolated as a pure substance and which can be converted to the P-H phosphine by methanol.
What happens in the second step with further phosgene, however, de pends very much upon the rate of addition.
If the addition oc curs very slowly at -80°, the five-membered ring system with a C-C double bond is formed, while rapid mixing of solutions of both components in the molar ratio 1:1 affords a five membered ring containing four phosphorus atoms bridged by a CO moiety.
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The reaction of phenyl(bistrimethylsilyl) phosphine with phenylisocyanide dichloride, the aza-analogue of phosgene yields tetraphosphahexadiene according to elemental analysis, cryoscopic molecular mass determination, and 31p nmr studied. To understand the interesting structural problem of this compound, we must look in detail at the 31p n mr spectrum. At ambient temperature the substructure of an AA f XX f 4-spin system is observed. The downfield signals at 258 ppm are assigned to the two-coordinate phos phorus and the upfield multiplet at -12.3 ppm arises from the trivalent phosphane moiety.
Between both groups there is a On further cooling to about -80°C, however, the outer multiplets labelled 5a totally disappear. The reason for this is precipitation due to insufficient solubility.
Low temperature filtration of the crystals and redissolving them at 30° again gives the complete 31p nmr spectrum as before. Firstly, according to elemental analysis and molecular mass determination, the com pound is homogeneous, that is to say, the broad absorption is
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caused by an isomer. Furthermore the splitting into a second AA'XX 1 system at -70° indicates a diastereomeric tetraphosphahexadiene, since both the characteristic multiplets of diphosphane-and methylenephosphane-phosphorus can be identified. An explanation, which elucidates the reversible temperature-depen dent coalescence of the inner signals and also rationalizes why only one stereoisomer displays this phenomenon is now given.
Attempts to explain the coalescence by migration of the silyl group between the nitrogen and phosphorus atom or by a ro tation around the C-N or P=C double-bond are not supported by the experimental data. We came to the conclusion that a pericyclic reaction occurs, which is analogous to the Cope rearrange ment for hexadiene-1,5. In a [3.3]-sigmatropic reaction of the tetraphosphahexadiene, breaks with simultaneou new P-P bond. The original nmr signals of the Ρ atoms with the coordination number 2 and 3 must collapse in the middle because the rearrangement is a symmetrical one and because it occurs on the nmr time scale.
The fact that only one diastereomer shows coalescence can be explained as follows.
As is well known, symmetrical, differently substituted diphosphanes which are com parable to our type in substitution have two centers of chirality. Their synthesis usually yields a 1:1 proportion of the meso form and racemic mixture, which can be characterized by their differ ent 31p nmr shifts.
In our case the outer set of multiplets must be assigned to one diastereomer and the inner set to the other. From the observation that the spectrum of the crystals filtered at low temperature shows two signal groups again at room temperature, we must conclude that the configurational equilibrium between the meso form and racemic mixture is promptly achieved.
The fast exchange in the ^lp nmr spectrum of one isomer at room temperature, which is not observed for isomer 5a, leads to the conclusion that only one form fulfills the stereochemical de mands of the Cope-rearrangement. This is the racemic mixture as shown. If this is correct, the crystals filtered at low tempera ture, which show no coalescence, should be the meso form. The x-ray analysis of these crystals verifies this assertion since the substituents at the P-P bond are indeed trans to one another.
Of course, we must be careful when transferring conceptions from carbon compounds to other elements. Nevertheless there are interactions between electrons of the 2p and electrons of the 3p level which is considerably higher.
Therefore we looked for further proof of this hypothesis. The following experiment seemed to be a linking one between the fields of carbon and phos phorus chemistry. We treated succinic acid dichloride with bis-(trimethylsilyl)silylphenyl phosphane. According to our hypothe sis a primary halosilane condensation followed by a silyl migra tion and formation of the P=C double bond, and finally a [3.3]-sigmatropic rearrangement to the diphosphane should occur. In the 31p nmr spectrum. We observe a halosilane condensation to stereoisomers can easily be explained by the possible cis or trans arrangements of the P-phenyl groups or the imino substituents at the C atom relative to the plane of the four-membered ring.
The approximate planarity of the 4-membered ring has been proved by an x-ray structure analysis for the 2,4-bis(2,5-dichlorphenyl)imino-1,3-diphenyl-l,3-diphosphetane.
Up to now the unexpected stability of methylidenephosphanes was always thought to be due to the shielding of the P=C bond by bulky substituents at phosphorus or carbon. This assumption is only partly right.
Several halogen (Cl,Br,I) methylidenephosphanes could be obtained by deprotonation of α-CH acidic primary dihalogenophosphanes with tertiary amines. The P-chloro- methylenephosphane is a synthesis of new methylenephosphanes with known basic structures, the P-alkoxy and P-alkylthio and P-phosphino methylenephosphanes could be prepared for the first time.
Our particular interest in this compound was focused on the trimethylchlorosilane elimination, because this reaction should provide a route to phenylmethinephosphane (phosphaphenylacetylene).
Heating a sample to 700°C in the vacuum provided by a Hg-diffusion pump, indeed spontaneously causes this reaction. Having optimized this elimination process by means of a mass Tms ' 700° PhP=P^Cl > PhCEP -TmsCl PhCH 2 PCl 2 -HCl spectrometer directly connected to the pyrolysis apparatus, we readily succeeded in synthesizing the methinephosphane on a pre parative scale and characterized it further.
The PC triple bond in the phospha-alkynehas been confirmed by its characteristic •^C and 31 P nmr data as well as by stepwise HCl addition. The phospha-alkene is obtained first, which is transformed to benzyldichlorophosphane by a second mole of HCl.
By ^P nmr spec troscopic studies we could show that benzyldichlorophosphane can be dehydrochlorinated by tertiary amines in reversal of its for mation reaction.
In addition to the Ε isomer, the Ζ isomer is also formed. Yet HCl addition to the phospha-alkyne does not produce any trans-compound. This can be explained in terms of a stereospecific cis-addition to the triple bond. 
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Phosphorus-Carbon Compounds with ρπ-ρ*· Bonds
The direct vacuum pyrolysis of benzyldichlorophosphane also yields some phospha-alkyne in addition to a large amount of uni dentified side products.
In addition to the phenylphosphaacetylene which has a half-life of 7 minutes at 0°C, we could prepare the considerably more stable trimethylsilylderivative which has a half-life at room temperature of 50 minutes. The _t-butyle derivative is entirely stable, as Becker reported recent iy.
To sum up, we can state that today a surprisingly great num ber of stable compounds with PC double bonds is known. At the moment we have several methods for the formation of this double bond. In addition to the dehydrohalogenation of halogenophosphines, the thermal elimination of trimethylchlorosilane and the elimination of hexamethyldisiloxan elimination, the silyl grou oxygen, nitrogen, or sulfur of an α-carbonyl or hetero carbonyl function subsequent to initial TmsCl addition to or condensation with silylphosphanes.
Most importantly, there is no longer any reason for the preparative chemist to balk at 2ρ π -3ρ π interac tions.
Very clearly the l^C nmr spectra support this view, since they beyond any doubt show that the carbon in the methylidenephosphanes is sp^-hybridized and sp-hybridized in the phosphaalkynes.
The existence of Ε and Ζ isomers at the PC double bond can also be demonstrated. Moreover, the fluctuating structure of the tetraphosphahexadiene is absolutely analogous to purely olefinic compounds.
Whether the hopes will be fulfilled that these studies of the last five years have turned the first pages of a new chapter of phosphorus-carbon chemistry s t i l l remains to be seen. Whether, for instance, it will be possible to construct conju gated PC systems suitable for Diels-Alder reactions, is not yet certain.
Exploration of the coordination chemistry of these new species may also prove fruitful. Organophosphorus compounds bearing a fluorescent group were specifically introduced into the active sites of the serine-enzymes ^-Chymotrypsin, Trypsin and Butyrylcholin-esterase using the agents _2, 3> and 4_. This was shown using electrophoresis.
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OMe We have tested some of biological properties of the cap structure by employing unusual man-made cap analogues which were synthesized by the above methods.
Here, we shall describ position of guanosine residu First, the methylation of guanosine moiety of the cap struc ture with S-adenosylmethionine (SAM) was examined. When only GTP was added as a substrate to the in vitro RNA synthesizing system of CPV in the presence of SAM, GTP was not methylated. However, GTP and ATP were added to the same system, m In this case no methylation took place of 2'-0H of adenosine moiety.
In the same system G^pppG was not methylated. Therefore, the cap structure of CPV was formed as follows:
, On the other hand, mRNAs from reovirus were represented as m 7 G 5 pppGmpUν. In the in vitro RNA synthesizing system of reovirus, G 5 pppG was methylated selectively at the 7-position of one of two guanosine residues, but any methylation is not caused for G 5 pppA. This shows that the methylation enzymes either in CPV or in reovirus recognized strictly the structure of the con fronting nucleoside residues.
Next, we examined the structural requirement for the con fronting phosphate bridge in the methylation. The CPV system as described previously was employed.
It was found that G Nucleophilic substitutio strates with HX initiated by activatio o e hydroxy -group by means of TPΡ/DEAD first developed by Hitsunobu (1) are being increasingly utilized (1, 2) . This prin ciple has been seldom applied until now in the field of carbohydrates. In order to diminish hydrophilicity, the mono-and bis-t-butyldimethylsilylether derivatives of a series of carbohydrates were prepared, which repre sent very useful substrates with two or even three free OH groups for realizing a series of interesting transformations by means of TPP/DEAD or TPP/DEAD/HX.
The methyl-β-glucopyranoside 1a can be transformed in this way exclusively to the 3-desoxy-3-X-allose derivatives 2a-2d (X = N 3 , Br, J, p-NO 2 -C 6 H 4 COO) (figure 1), whereas the corresponding methyl--D -glucopyranoside 1b gives exclusively the analogous 4-desoxy-4-X-galactose derivatives 3a-3d. This useful substitution reaction especially by means of TPP/DEAD/ can be applied also to the methyl-2-acetamido-6- The behaviour of the :;-1,4-gluconolactone deriva tive JJ7 towards TrP/DIAD/ILX is summarized in figure 3· The exclusive activation of the Oil group at C5 using one equivalent ΤΡΓ/DF.AD followed by a substitution by :,X opens an interesting approach to the L-1,4-idonolactone derivative 1_8 whereas the activation of the second Oil group at C3 yields by an elimination process The hexaphenylcarbodiphosphorane 13 (6) can be understood as an elementorganically substituted ylide with a particular character. It reacts with S8 to form CS2 14, which immediately reacts further with one more molecule of 13 via a betaine intermediate as described previously (7) to make thioketenylidene triphenylphosphorane 15 (8).
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Compound J_3 reacts with 2 moles of acetylene dicarboxylic ester 16 via a twofold cycloaddition and a subsequent electrocyclic ring opening reaction ( We were able to direct the rearrangement 23-24 so that no dis proportion into 29 and 3£ occurred (13). The adducts 24 are stable and can now be used for hydroboration reactions whereby a suitable method for the elimination of tri phenylphosphane from complex 24 must be used. This can be achieved with benzyl-iodide 2£. On a coi tion of the iodo compound 25 and an olefin 26 to a solution of 24 in tetrahydrofuran, the benzyl-triphenylphosphoniurn iodide precTP pitates and the free R-BH 2 adds to the olefin 26 forming the tri-alkylborane 27 (13). The latter can be converted into tertiary alcohols υ by subsequent treatment with CO and H^O- (14) . The reaction of 2A_ and HC1 yields alkylchloroborane triphenylphosphane complexes 28» which can be converted with olefins in the presence of benzyl iodide 25 (15). The dialkylchloroboranes 32 thus formed can be transformed into ketones 31 with sodium methyl ate and then the DCME-technique of H.C. Brown (16) .
These last results combine the Wittig ylide chemistry with Brown ; s hydroboration reaction. We hope that a preparatively in teresting ylide-borane chemistry will arise from this new "alloy".
I thank my coworkers, named in the references, for their enthusiastic engagement in the solution of our common problems.
